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In this paper, we propose improvement in chronic stress level recognition by using both full-term and short-term
physiological features. In our proposed method, we employ the characteristic of PSS (Perceived Stress Scale), a widely used
chronic stress measure. PSS scores are known to be influenced by mental states caused by high-stress experiences that could
occur over shorter terms. So we added new stress features calculated on a weekly basis to the conventional stress features
calculated on a monthly basis for which PSS questionnaires recognizes stress level. With weekly-basis feature calculations, we
are able to recognize high-stress experiences over shorter terms. To evaluate our proposed method, we performed experiments
using a 33-employee, 1-month database of physiological signals. Results have shown the Pearson’s correlation coefficient to

improve from 0.66 to 0.72 with use of our method.

1. IZL®IZ

WEMER b LT, BREORMKEORELZ LI L

AEPEVE DR FROBERE - KRS D JRIK L 72> TR Y, #EM
FILLoTRERMETHD. ERHFICE->TYH, £EEME
LTI OWIIR K2 A P ERNONDIFRETH D, A

MRAZRYICAML, ThEPil925Z 1%, #HEH
FHERAENFCRERRNERH 5.

ANV AZE, BHIANLVALEEIA N L ARDHD. M
AR LA LT, BERMELIZLBEOA Ly P —~Di
M7 RIS EET. A Ny —~Om# e e, &
BEEEANCESICHRETE 5720, Alberdi H8F &
OTVD L], AEEZHBA Ny —~D R
IR DFEE 2785k T 5 % < OFEATHEDN & 5. %h b)
L,Eﬁxbvxi,ﬁ% CH-oTA ML y¥—lligEh

WCEVEZDZHDOT, BREORKELRDLIZD, &

mﬂ&mﬁf%éﬁ FHIRICE 2 Mot 72 00 8 25 2 22
THHID, WROMEITE L, TITHRIT 0.

EIRESEZ ORI A R LA LGk 0 BB 22 45T
Wrged—-21%, Sano H[2]1[B3JIC L > THMEENTZHDTH
L. ZOMRATHETIE, 68 A [2]FE 72l 165 N [B]DFAE
D1y Agend, WBHRE T —Z_X—2&EHH LT
B, YETFT—F =21, AEMRESE LT EDAE
ERIGE), STURMEIRE), BIOEEFETLNE £
TW5, BT T, DHEZIICEBETE 2 EHR
ML AT /s — hTd D PSS (Perceived Stress Scale) [4]
DAAT ZIEll 2 7 T A (PSS A a7 _Efr 20%, FAL 20%0 2
JITR)VEERL, TD2T7 T AOBHETO TV,

LL, AKLARLLOLEFHEZRHET 2 DICa%80 7
iR Z BT 570121, 2 CEB I NN 60%E &
BT D0END D, KETHE, FICZOPMA b L AICH
TAHA R LA LULERERKSE O W EIZOWT, B K

@%I#%Wﬁ‘E$%kﬁtAﬁ:Tm18%6mhﬁ
X N YEED 1753, a5 :044-431-7554, B AA
JL T R A :y-nakashima@bu.jp.nec.com

ORI O CHEH L7 ARG BR R 2 Vv Tk
HIEHERET D, WAL ELRLTHWAEA ML A
RETHD PSS #ERA+T 52 & & Uiz, PSS id—4 A HAL
TOEMA MLy —~OREOFLE 52 7Rik3 57215 Tl
<, =7 AXVEVHBTEZ VELRNA KLy e
DIREFZIZ L > CHIEEZ S LENREEDIE L (LBELAR
) B RMT LR ER BN TS [5]. ElFha pELR
TIEZ OEPEIZERICHL DA R LA L-ULIZB W TEEEIC
FNDH., LoT, PSS ICLDA ML AL~ULE L YT &
<EBHT 2412, PSS OZDO LX) RRELEEL, Fxlx
1 ABNLIZT T2, KW TchHs 1 HEHEA T
HA LU ARBMEAZEH L. CRICK- T, PEETD
é%ﬁmx FL A V&/V%%}Ei<mua&¢é ENTE D,
LI, KEEOHERIZOWTH~RD, 452 HiTlE, Sano b
[2] [3] DFFEZ JeATiIgE E LTI L, RS L i+
WD, 53 HITE, e BRET D IHIEICONTERD.
%4 BT, BREEOEBRIFHEIC OV TGRS, 55
T, BFEEERT 5.

2. F®ATHE

2.1 SATMRE O

AHITIE, £7, Sano HDNATAFIE[2] [3] DHEEEIZ SV
TIR~D. YPETHRICREBINDIEMA LA L~
PR AT NE, B 1 o XS etpke LD, ET, B
BENENT LT =TI 7N oS LT, AKE
SEIST S, 72L& 21, Sano & DOEFZETIX, EDA, ST,
IR 2B L TW5D. Zhub i, TNERET, KA,

TR < AL LA UER
| RS |
| ERESh S BEEE |
[ BEEERVCANLALNILEE
B1ABMVARUYVERHER Y R T b




2F3-0S-4b-05

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

GEIERET 240D THS. RICFKHEREDOFREZTTS.

FATHFFE T, B LIZERESNS 1 » HELT—HEL
THMEHEZER LTS, 20k o7% 1 » HEMOH
WMEOH L LT, UTIRT 2 20X M) L@ I
X7, F%a6G_ M CT/REND X 97 SHhNEEFE 5 c &
SERFET END.

X = ,x12,i +x5, + x5, 1)

0 (x; < 6G,7G < x;
a6G_M = lz;ﬁ\;l a6G;, abG; = { (xi ’ < x;) (2)
! 1(6G <x; <7G)

2T, RDIZBWT, i IHMEEORIESTHY, 1
MNH NOEEZRD. N IHMEZORETHL. SREY T
Y7 L—hF DE-AOGEHHBHEETSHE, NITD*24*
3600 * SR & 72 %. DL 28,29,30,31 D 9 b ENMDE A H
4. SRIE, ATHFEIZBW T 8z THHo7-. xui, X B
SO xsild, V=TIt ik THIESNS, AW

ICHEAT 2 3 HIOMEETH S, MIE SHIZINEERE 51T,

G, T bbEINEE 9.8n/s*> DHAN TSNS, 22
<, XAWICHBITD xilx 3 @IMEE O RMS(Root Mean
Square) TH 5. R (2)IZBWT, a6G_M i, NEFEFHE
DS B, RIS A 66~T76 OFPHIZH A5 5N EIRITHD 5
BAERT. a6G_MEZED, H BN TOREE OHPH O s EE
BT OERITK T HEIG & FHE U7 R, M4i%H o
& T DR O R TH D, NS WINEEOEA )N
KEWHE, TOADOEBIELFNTBY, —f5, kK&
TR OFNENRKEVGS, ZOAOKIITHLWES
25, AT TIE, EMA ML 213295 Lz ALK
HEE ATk Sz, YEEITIIZE CIE, PSS 27
A7 20%35 L ONFAL 20% D PSS 2 o 7 DR E 2N, FhF
NEAFLABIOMMEARA NLRAZ SR ELTERSIN, 2
7 T AGE TS Iz, AL 60% DHERE A AL, A
kR LAV EENT. 2 7 T ADT — X DI E
T2 TASFEITH 2 LiE, 22 THWHNDX () Dk
IR N L AR Rl A XA Th o 7.

2.2 FEATHFR OIS

SATHIZE CRASE S-SR, WEE2mA LA -
WA RLAD 2 7T RETHITITHENTHDHH, PSS
ERMIA ML AOEE LT 5856, FICTREDORX LR
W6 LIRSS AE R Tl ARV, PSS SHIET S5 A F LA
DFETH D TA VARG 1XEEENFEINIZA M
v —ORETZIT TR, AP yP—Zho THEELZ
72 RIEE OLPIKEE S FIRFIC KT 2 /503 5 5 % Th
%[5]. PSSIE—4 Ao T2 b L A3l %38k 0% &
T 5N, BIEZOLHERIEL, —4& A X0 EVWEIRICEZ
DELMNA MLy —IC ko TET L RS, +
LC, MEED TR KNLVRAFM 1%, 72 & 2 FEEN Y%
AOZOMOBIFITIZITNA b Ly =2 LMREI T

BRWEETY, HEBR&EWMEL 22BN L L. & AN,

AT DX (2) D L 95 70 H AL OFEETIE, 2D L)
732 PSS OFFVEIT R S Zpv . H AL TORBEIC PSS @
BRSO S FUZRUIRPLIE, RETHEANCER RS LB 0,
WEHDA Ny =R OEB N H H5E, 2F0 A

AL CTRAVUIPRED A LA LULDEASICHHEICRD.

Foxix, PSS, EIL TR R U RFM] A2 0k 5%
FHOLEIRREDEL DB L Z T H E W) FEEIE, U A2
DEWEIEZEZ#HT 2DV ERDITHD EHIBL, <

Q —Person A
W | 0000 R~ Person B
B s :
ESTCIE R NP |
2REKHEOa S

D& D72 PSS DR KILTE HHFMELPIZET 5 LHR
b LEZI.

3. BRE

AETIE, £, AiE TR AT OMEE L) A
RHNZERIA L, WRICE ORI 2 fRIR T 2 2 DI FRIEIZD N
TR~5., 9, M2%2509 5. ¥212iE, XE)TR
SNDHBEENFEEOT 7 Y MR 2 RENTNS, HiK
i, K@D a6G_ Wz, j=1234ICE>TF Ry b
LCn5. X @UEHBEMOFHETH 2 R(2)D abG_M %
WHAIZL7Zb0THh Y, ABEM TR EBEMOR h L
ALYV % BT & DR EIC /R > T D,

N
2/
4
a6G_Wj = Z a6G; 3)

i=(-1+1

202507 ay hDHL, FERE, OFV TPerson Al
D72y ME, KNVARLVALALEEWA LA L~L
DS &R, —J7, kR, ©FV [Person Bl &7 1w
ME, 4 HEASEICES THREDO A N A L~ULEIRL
TW5. FIROA =X LIZ& Y, PSS Aa 728V TiX
[Person A NE< 72, EBEDY A7 % [Person Al @
gL b Bbnsn, X(2) &> THHEMORE
BEHEITNE, WEDOA N LA L YLIRBREICRD.
Fol®, K@) DX D7 ABMOREET T Tl
NMORMEEZHEL, ZOBRBEMOREET 2y Mk
FHEZRG T2 2 EREETHDL ERAITEZZ. 22T
VO RREHME &, HEALOREE T 2 v MW TRRED
BOFEWA b U ARRERZ MM 3 5 & IR C& DK
l, HHEFESEEZERTS. flzE, B~—27 L T2
WRENTWAET 1y bR, K@) %2 HNTE
HIBHZELMTED.
a6G_Winq, = max|{a6G_W;|1 < j < 4] (4)

X)) DX e BEHELEAVIUE, Q) TIXEBINTE
7277 [Person Al & [Person Bl OEWHMEICZR D.
ZOHFIFEICHREOHPANIZEIT 5 A b L ADEKD
FANCANTHD Z LIITEENMETHD. AL AL
LD Ty hRAERIISE WSS, BRI R
Baicx, XK@ EXWITIFERUEZRTNETHD.

4, EER

4.1 F—HIUE

FEROPERF 1T AT HEMNCERICSIN U EER 4~
S AT —=HThHolz. FERIZBINT S Z LICFRET DRI
RO BN O TFNEZ T L=, 33 ADNEBRIZSMLT-.
33 ANDIH 4 ARLETHY, HEniE, 20 8288 A, 30
A0 A, 4082310 A, 50235 A Th-o7-. #EREIX



2F3-0S-4b-05

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

RS, A Y =7 57k W (Empatica 4 E4 &
e ZHEMATHLOBEFESN, ik THESHh
TWBRE DERESIIEBAT v P u— K&, WHREx
FT7 4 ANBEENT- L X IITE o IER Lo &
VR T =X ERSG LI ES RN 1T HTh o7z B4 &
VI, 4Hz O Y/ L— RTEDA & ST, 32Hz THII
HWEEFZIGT S, RMA ML 207 — & LT
PSS 7 >/ — R 10 H AR (PSS10) A L7z, 1 » H D
BRI ORI 12 PSS10 IZ[EIE T 25 K 0 #BRE 12 ERE L7-
LBt D PSS 72— FaFIZE S A a7 2REWA L
ADFEIEL L=, M 3 NEFDOHHETRTEA NS T ATH
B FENT 7.2, BEHERZEZS. 7T THY, Uiy
DAL EZ LN [T].

4.2 FEBrSt

DA E

FATIRIE 2] 2L, RFFEEmRET L. £ 1ig, K
FEERCHEH LR M E 2 o~ 3. e Tirge (2] o E A
BT DEBE e RO —o1%, IEFERE 5 2 WV CiEE)
RBE (Behr, 317, B EXBIL, KiFEhREOT — 7 &
IR EEZHET S 2 ThD. EREREA ML 2D X
D IREMIEEN 21 T <, HIRIEEI OB LIRS 2T H D
T, HEREEZ W 220 h T TV — KRBT D Z LTk
MREE DR E L0 FRICHE S 2 ECrE L. Fx i
SEATHIE 2] L [FEE, — 7 7 m—F % EDA & IEEEEHE
FlCEA L, L, ZHbATRrE L FER, 82 OTRERR
FEORMEIS Z b ME LS L2, W, £ 10oMHMETE
T, AN EBEN O CHEMRETH 5.

F1917.2

0 ., BAERE 57

12
&
AT 4 6
& 3
‘
£ —
1-5 6-10 11-1516-2021-25 26-30 31-35 36-40
PSSR =

K 3 G L7727 —F _X—RZRBIT PSSR 27 D4y
#£1 BHEELZOAFEK

EEIRIE| EFUT, | BREGEERHEL. FEY |HHME| &5
DEEDAFLVHHEICED)| B |BHER
EEfI, |FRARIEEDA 1 1
&H1T7, FRE 1
1

EAT B RE
ESC FARB(ILEY) 11+1
(0.1HZIEE >, 0~1.1Hz)
ISD—RRGNVEEGBEY) | 5+1
(0.1HzIEE>, 0-0.5Hz)

EDA 30 REE R DE—SHD 11+1
E—2 BEQLEY)
1REFROE—I#H D 11+1
HEWIEY) o
M REMFDE—Y 1
MNEHDIEE
30D 1
E—v%nIbnE—
EDA 30REEFD 1 8
RAb—L Ah—LEDOITUFAE— I}
EERMS iy 1 B
FRE 1 5
BERE 1 @
BB (11EY) 11+1

(0.1HzIEE >, 0~1.1H2)
42 DRMSOKREES(2IEY) | 21+1
(0G-20G)
IST—RRGMIVEEGBEY) | 5+1
(1HziigE >, 0-5Hz)

EXS FEfL- BT ETON—E T 3
FRAEAEST Eiy 1
FRE 1
BERE 1 |24
[EEE T =5%) 11+1

(0.1HzIGE > 0~1.1H2)
IST—RRGMIVEEGBEY) | 5+1
(1HzigE >, 0-5Hz)

2) R LR L AILAGE 7 2 X
ABRVAVL~VOFEIRTIEE LT, Fx i3 o X
D187 T AGETIT A BRI L2, Phrz &t
BHEIPHO A N L A ZFHT 2O EHWT L7-720TH
. X4 2B, BREMEELER LSS SR LR
MOTZBEDA LA L~ULRIRSHT 7 0 2 Z23HT 5.
BRRTEEERWV) T, BEFEEEZER L2V 2t
AT ET, 33 NOWERE OEME BV TH HAL
THRMELZHE L., ZO0BFEROER(LEFEmL, |
12, LOOCV(Leave One Out Cross Validation) /L —7"% 3%
1FL7=. 45 LOOCY /L—F"TlE, 1 A&\ 32 AR
ZART — 4%, PSS Aa T #FHIFET Lt L, ZoOFHT—
Ko G T a2V, F£910% ERR & L CRIEESRIN A
FEhi L7, RASERI TR E L PSS A= 7 OfRBREK
B TATVTELE. WICERFEHEZH T
SVR (Support Vector Regression){Z &> THiv 7= 1 A D PSS
AaT EREEL, ZOHEEMZRG PSS 2Aa7 & L.
40, RTEEEDH L, BERMENER IS ADY
0 AERT. RFEEIT A B2 TR EEAL T H R
SNz, ZOBBNLOFSEO 7 1y MOk L TRRES
RSO FHESFHE IS, L0CY —7"ClE, 4&
FRMEY v b SRS EY » O TS F U0k
oA BRI U7, IRRAEEIE BRI O R ML A LUL
ARICATH Y, WERREET B/ TALA B LR L
NWABERICEI Ch DT, Wl ORHSE >y N EHHATS 2
EMEFHDOA P VALV OBFRICITEETH LT
5.

4.3 FEBRFER L OB L

1) PR 5 A7 D I DG

PERBSRE ORI ZFIM T 572012, PSS A7 & D
Pearson OFHBIHREL b iV 1 DORERHMEICE S E
BTl 4 ANOUTRE 2 B R 0O X 34 HE SRR o0 I HLT
vy hEK 5 EITRT. —F, |50 3 50%7T 7
X, EEN, YIRERHEE, PSS 22T, BIOYH
PERRFF MRS RIS T A IR ED, 4 #HFEIZ OV TO
EZRLTWD. 22 TOfERREEITR(2) 0 a6G_M T
B, BRI A) D abG Wi TH 5. HEREIIIC 2
LA LU OIRWEERE A 3B L OWKGIIC A R LA L
DOEWEERE D OBEBAL T 0 v M, FREREV PSS
23T, EWPSS AaTE LT EIXALNTH DN,
TAUE PSS AT DS T T CHERTX A, MK T 7
TIE, R A DAATNIRIETHY, #EED ORaT
NI CTh D, Fio, WERFEEORT T 76, A A
D IZHOWTIEIE U 2R, —F5, BEALT 7 v b sk
T RRECTHAWBRE B L, F1H~FE 3 WO oy
MIEWSEODE 4 WO 7 1 FBSEWIERE C I2oWT
1L, TESREREIL PSS 2 21 7 & ROt O A 7R (PSS A =2
T T, RE C RE B LV bEmn—7, TR E
XD . —F, REFEEIPRE B, C 1o\ TH PSS
a7y LR U 2R3, mifiCERML7ZEY, JERRHY
BX PSS A a7 O, SF 0, FFEOHWKE O A
MR K o TEAL L7 DER B IC B A2 2 1T Tal 72 D,
ZHIMEICRBE LTS, BIS, ZHALEIE CHELZEY
Z DIREFHEEOAIMETERCTNL (K 5 1BV TR
HBCODAFLALULOEHICBWTHETHD.

2) X LR L ANIL RS

AT TR~ 7= 2 b L A L-ULEIF S 7 e 2 TlE, ¢
ek (ERFFM R DO A M) LRk (IE R AR & 224

-3-



2F3-0S-4b-05

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

MEDOWFT 2 O 2 SOFIEIZBWT, LR 10 THE
IR ATV, B SRR T SVR 2170, SVRIZ X D
TR PSS 2 a7 LEDO A a7 DOE] D Pearson FHEARE D i
BEWEAERINL. £ 2 0 (2K Flo, 2 5O Lo
17 ( TPearson OFHEBREL] & TFEA (RMSE) | )i, ED PSS
2 a7 LRk PSS A a7 L DE]D Pearson OFHEISRE & 75
7% (RMSE (Root Mean Square Error)) Z 4. 4k LIk
D2oDF)( MEA MLV A] BEO I+ A R LA ) I,
Bl TEHZSINTVWAEME KA FL 2 0-13, AL
A1 14-26, A R LA 2 2T-40) ICEASWTED PSS 2 a7
WWEVERA RNV RABIPHF+HE A RLRAE W) ZDD T T
AN E T TG EOMERL TS, HARLRLE
HF2NLRAZEOESDD7 ZAZEEDTEBE, AWET
—HR—RZBWTEA R LAY T AT 2 NORERE L
BOT, LNbEFD2ADPSS ZaT7 NEMETHD 27 ThH
Slele®, MARNVARATZTZRAZEELDDLNETE LT L
72 ThA. &k Fl, E2fToRENAMICIE, B
HEOAMERREN TS, Pearson DFHEEZREIE 0. 66 >
5 0.72 120 L, RMSE 7% 4.32 78 4. 03 [Zik#EL7-. il

D 2 SOFNITY, BEBEEOMHIZLDUENRINTND.

3) R | LR LI E

FexldEr, HHA L ALLONEFE 2 VTR R %
FHmL7=. BlZE, K 5 ofMoks 7 7 TlE, 4 Ao
BREDHED A LA LULONEFEILIA, B, C, DI ThD—
07, PERFFHEEIZ L DB A N LA LUV OERE, (A,
C, B, DIThHDH. ZOMEEZR L &1F, EHNRAEH
MERHAET D ECHEETHSH. ERL, FEHITKBWT
X, A BRLVALAULTUARZRE, @0IFicns AL, %
BIZY A7 BNEWNEHET AGENH L4 THD. fib

| EHMESEAD) |

RS \
&

INIRE EMRGE
HEREIR(_EPR10E,
A ﬁ{ﬁ/iﬂ%ﬁﬁ#ﬁ%’éﬁﬂ&ﬁﬂ)

(BX, RERE F2BK,

BIERX) \ HR— hARS NLEE \
X 4 PSSR a2 7 EIRSHT 7 12 & A
= PSS R
%ﬁ za7 |
(X (P39

()]

Jl

ABlclpD
HERE HERE

X 5 I RBSEOEBMN 7 a v ME)E, REERURENE
& % B BATEER R R OB D 7= ) DPSSR =2 7 (4)

HHEXEPSSAI 7 DfE

AIBICiD
wERE

72 2 RRER OHEREDPearsonDF RS, 222 (RMSE),
EHFFRE BRE-ECEY — 7 TEE

24K & h+E
ARLZR| RRLZR
Pearson® HERE 0.66 0.22 0.67
ElERER BEE 0.72 0.37 0.70
BRE fekE 4.32 6.24 3.50
(RMSE) REE 4.03 5.66 3.34
Fi5 HERE 6.58 6.63 6.56
FH#E BEE 5.45 5.63 5.40
BEE-#EGE kL 0.92
H—JTEIE BEE 0.95

DA, B, C, DI& [A, C, B, DIOF¥,DFEIE, B, C I
WTENFNDFHEN2L3,3L2TIOTHORARLDT
GEt 2 LD, AFFEGERAPRE R TR -, EEF
¥r=l bEMTE D, BRE - MERIKIC X A PSS 22
T EHED PSS AaT L DEOVFEEEE, £ 20 [
] 4TSRS, Y TICR W Tl RO E T +8 A
FLAZTZATHY, IEHEHATIUET D 5 ~Ok#ET
H%. PSS 2Aa 7oA (K 3 M) T, $EEN T L K&
WEUR T DLW GEEHSTHDIEPSS A2 7 16-20 D E
VG, BEFEIX 12) —J7, PSS A7 14-27 OHi+E A R LA
BEE (PSS A =27 11-15, 16-20, 21-25, 26-30 D45 THE
SN D) TIEENU O OBEENS L KEW. F
Brel b L T OBENRRKENE WS Z&iE, Bid
B OED PSS A D HALE & RLe S35 FTREMEMK
WZ EEBEWT A4, ZHITHEELRLETHLLEZS.
1) X b L RRGIERE
FAITF+EHA RNV AT TRAEIRA N LAY T ANLH#
B 2MERE S MM L7z, Fx O BBO—DO1F, FREED R
FLARAZE L TWDAZRELTEA FLRIZRBRN K
FEBEERTAENOTHD., AL ANLH+EA B
VAE#BT D700 FHEL-HEA LD AUC(Area
Under the Curve) #3 2 D FEIRT. REkED 0.92 12
KEUSRZRIET 0.95 L7 o7z, = OB i GRAEHHIE
0 40%) 1L, $RFIED, PREOA R L ADANEZEKA N LA
DANPBEERTEDICHAEHTHDLZ EEZR LTS,

5. #Eim

FAIZEMA R LA L-ULORIMIZEB N TE D B E
BRERT DA, PSS NA LA LUL AR 5 H AL
e EENL TR LI FME L EAT 2 FIEEREL,
REEZERICHHE L=, FME0%, 47 4 AU —7 33
By AT =2 B R L. KR, BEEBCI AR
MERROWEN S OLND Z N RmEN7-. #lZ21X, Pearson
DOFIEAREIL 0.66 225 0. 72 ICEwES LT

SEXH

[1] A. Alberdi, et al., “Towards an automatic early stress
recognition system for office environments based on
multimodal measurements: A review,” Journal of
biomedical informatics, vol. 59, pp. 49-75, 2016.

[2] A Sanoetal., “Recognizing academic performance, sleep
quality, stress level, and mental health using personality
traits, wearable sensors and mobile phones,” in Wearable
and Implantable Body Sensor Networks (BSN), 2015 IEEE
12th International Conference on, 2015, pp. 1-6.

[3] A. Sano, “Measuring College Students’ Sleep, Stress,
Mental Health and Wellbeing with Wearable Sensors and
Mobile Phones,” Massachusetts Institute of Technology,
2015.

[4] S. Cohen, etal., “A Global Measure of Perceived Stress.”
Journal of Health and Social Behaviour1983.

[5] S. Cohen, etal., “Measuring Stress: A Guide for Health and
Social Scientists.” Oxford University Press, 1997.

[6] https://www.empatica.com/research/e4/

[7] S.Cohenand G. M. Williamson, Perceived Stress in a
Probability Sample in the United States”, The Social
Psychology of Health, 1988

[8] State of New Hampshire Employee Assistance Program,
“Perceived Stress Scale”, URL:
https://das.nh.gov/wellness/Docs/Percieved%20Stress%20S
cale.pdf



